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RESEARCH MEMORANDUM

LOW-SPEED INVESTIGATION OF THE EFFECT OF SEVERAL FLAP AND
SPOILER ATLERONS ON THE LATERAL CHARACTERISTICS OF A
47.5° SWEPTBACK-WING - FUSELAGE COMBINATION
AT A REYNOLDS NUMBER OF k.l x 106

By Jerome Pasamesnick and Thomas B. Sellers
SUMMARY

An investligation waes made in the Lengley full-gcale tunnel of the
low-speed lateral characteristics of a L47.5° sweptback-wing - fuselage
combination with several flap and spoiler alleron arrangements at a

Reynolds number of L.k x 106, The wing had an aspect ratio of 3.k, =
taper ratio of 0.51, and NACA 647A112 airfoll sections. The results
Indlicated that the rolling effectiveness of small-span ailerons located
inboard of the wing tlips were greater than the effectivenéss of equal-
span allerons located at the wing tips. At 1ift coefficients near the
stall, the alleron effectliveness of the model with thick treilling-edge
contour ailerons was essentlially the same as the alleron effectlveness
.of the original contour ailerons.

In general, the spollers located in the region of the plane of"
gsymmetry developed greater rolling moments than equal-span spollers
located at the wing tip. Increasing spoller projection increased the
- gpoller rolling moments and spoller chordwise locatior had no appreci-
able effects on the rolling moments of the model at the angle of attack
corresponding to 85 percent of the maximum 1ift.

INTRODUGCTION

Lateral-control devices desalgned for airplenes flying at high speeds
may produce unsatisfactory lateral characteristics at the lower flight
speeds. Much research has been made to Investlgate the lateral charace
teristics of swept and unswept wings and low-aspect-ratlo and high-aspect-
ratio wings equipped with several types of lateral-control devices

UNCLASSIFIED
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(references 1 to 4 and unpublished results). In order to supplement
further the dats of the above references, an investigation has been
made at a high Reynolds number in the Langley full-scale tunnel on &
47.5° sweptback wing having an aspect ratio of 3.4 and a taper ratio
of 0.51.

The data presented herein include test results of a 19-percent-
chord plain-flap sileron having various spans and trailing-edge thick-
nesgses. The effects of spoller spanwise and chordwilise location and
projection on the lateral characteristics of the model are also shown.
The results are presented for the basic wing end the wing with exten-
sible leading-edge and plain tralling-edge flaps through a range of
angles of attack from small negative angles through maximum lift at a

Reynolds number of approximately h.k x 106 and a Mach number of 0.07.
SYMBOLS

The data are presented with respect to the wind axes originating
in the plane of symmetry at the quarter-chord point of the mean aero-
dynemic chord. The X-axis is in the plane of symmetry and parallel to
the tunnel air flow. The Z-axis 1s in the plane of symmetry and perpen-
dicular to the X-axis, and the Y-axis is perpendicular to the plane of
symmetry, All forces and moments are referred to the quarter chord of
the mean aerodynemic chord.

Cy, lift coefficient (Lift/qS)

Cp drag coefficlent (Drag/qS)

Cm pitching-moment coefficient (Pitching moment/qS<C)

Cy rolling-moment coefficlent (Rolling moment/gSb)

Cn yawing-moment coefficient (Yawing moment/qSb)

S total wing area, square feet

b wing span measured normal to plane of symmetry, feet

c wing chord, measured in plane perpendicular to quarter-chord
line, feet

ct wiﬁg chord measured in plane parallel to plane of symmetxy,
eet
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=3 wing meen serodynamic chord measured in plasne parallel to
b/2 o
plane of symmetry, feet % f c'Sdy
o
¥ lateral distance from plane of symmetry along Y-axis, feet
q free-gtream dynamic pressure, pounds per square foot (%pv2>
mass density of ailr, slugs per cublc foot

v free-stream velocity, feet per second

bf Tflap span measured normsl to plane of symmetry, feet

by aileron span measured normal to plane of symmetry, feet

bg spoiler span measured normal to plane of symmetry, feet

Sg aileron deflection measured normal to alleron hinge line,
positive when trailing edge is deflected downward, degrees

8¢ spoller projection, measured normal to wing surface in a plane
parallel to plane of symmetry, fraction chord

t gaileron trailing-edge thickness, measured in a plane perpen-
dlcular to aileron hinge axis, fraction of aileron-hinge-
axlis thlckness

o angle of attack of wing chord line, measured in plane of
symmetry, degrees

A increment of coefficlient due to aileror deflection or spoller
projection

C =L per degree

lg aﬁa’

Subscripts:

(o} outboard

a alleron

8 spoiler
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T total alleron deflection

2

extensible leading-edge flaps

=

plain trailing-edge flaps
MODEL

The general dimensions of the wing-fuselage combination are given
in the three~view drawing of flgure 1 and a photograph of the model
mounted in the Langley full-gcale tunnel i1s presented in figure 2. The
wing leading-edge sweepback was h7.5°, the aspect ratio was 3.4, the
taper ratio was 0.51, and the alrfoil sections normal to the quarter-
chord line were NACA 6L4;A112. The wing was constructed without dihedral
or twist and was mounted in a low midwing position at zero incidence on
a circular fuselage.

The flap configurations tested In conjunction with the lateral-
control devices were determined from the results given in reference 5
and consisted of extensible leading-edge and plaln trailing-edge flaps.
Details of the flape sre given in figure 3(a). The extensible leading-
edge flaps were 0.10c' ‘and extended over the outboard 35 percent of each
wing semispan. The angle of deflection of the leading-edge flaps when
not used in conjunction with the trailing-edge flaps was 150° and when
combined with the trailing-edge flaps was 135° (measured in a plane
parallel to the plane of symmetry). The plain trailing-edge flaps used
in this investigation had & chord of 0.19c and extended outboard from
the l2-perceat-semigpan station to the 55-percent-semigpan and
T7.5-perc-nt . .emlspan stations. The flaps deflected 40° from the chord
plane normsl to the hinge line.

The lateral-~control devices employed in the present investigation
were plein flap ailerons and plain upper-surface gpoilers as shown in
figure 3(b). The allerons were 0.19c and spanned the outboard 22.5 per-
cent and 45 percent of the wing semispan. For all aileron tests, the
right-wing alleron was deflected down and the left-wing aileron was
equally deflected in the opposite direction. The asileron-deflection~
angle range varied from the neutral position to 28° at 4° increments
measured normal to the hinge line. In addltion to the orliginal contour
allerons, strajghte-sided covers were fitted over the ailerons tangent
to the surface at the hinge line and formed tralling-edge thicknesses
of 25 percent, 50 percent, and 75 percent of the aileron hinge=line
thickness. The included aileron tralling-edge angle was reduced from
14.2° for the basic contour to approximately 10.4°, 6.7°, and 3.7° for
the respective aileron traillng-edge thicknesses.
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The spollers were mounted on the left wing perpendicular to the
wing upper surface and were constructed in four sections between the
l2-percent-gsemispan and 97.5-percent-semispan stations. The spoilers
were located on the 0.70c line and the span was varied by fixing the
spoller at either end (root or tip) and successively adding sections
until the maximum spoller span was attalned. The spoliler helghts inves-
tigated included projections of 2 percent, 5 percent, and 10 percent of
the wlng chord measured in a plane parallel to the plane of symmetry.

A 0.10c! partiale-span spoiler configuration (bs = 0.63%, Yo = 0.862-)

was investigated at the 50-percent and at the TO-percent chordwise
stations. The effect of spoller shape was alsc determined for this con-
figuration. The spoller was perforated with l-inch-~diemeter holes located
2 inches on center in staggered rows; thus, 17.8 percent of the spoiler
area was removed,

TESTS

The tests were made on thé slx-component balance system of the

Langley full-scale tunnel at a Reynolds number of L.k X 106 end e Mach
number of approximately 0.07. Data were obtalned st zeroc yaw over a
range of angles of attack from small negative angles through maximum
11ft,

RESULTS

All the data have been corrected for blocking effects, stream aline-
ment, and spproximate wing-support lnterference. The drag and angle-of-
attack data have been corrected for jet-boundary effects (as determined
from the straight-wing method of reference 6) but although the corrections
for the effects of the Jjet boundary on the moment datsg have not been spplied
they are considered negligible. The aileron-effectiveness parameter Czs

was obtained by measuring the slopes of rolling-moment curves from 0° to g‘oo
total aileron deflection for several values of angle of attack below the
meximum 1ift. A1l wing configuretions, without allerons or spollers,
exhibited small values of rollling-moment end yawing-moment cocefficients

as ‘a result of the slight irregularities of the model construction, model
test mounting, and tunnel air flow. The data reported hereln have not

been corrected for the initial out-of-trim roll or yaw of the model when

the controls were neutral.

In order to facllitate the digcussion of resulis, the data are
arranged in the following order of figures. Figure L presents the static

G
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longitudinal characteristics of the model with and without flaps as
obtalned from referenc¢e 5. The effects of alleron span and trailing-

edge thickness on the aileron-effectiveness parameter are presented in

the summary curves of figures 5 and 6 for the wing with and without flaps.
Figure T shows the effects of spoiler span on the rolling characteristics
of the plain- and flapped-wing configurations, and figure 8 presents a
comparison between the estimated and measured rolling cocefficients of the
model with a partlal-gpan spoiler. The rolling characteristics of a full-
span spoiler with various projection heights are given in figure 9 over a
renge of angles of attack. The effects of spoliler chordwise location on
the lateral characteristics of the model having a partiel-span spoiler

are given in figure 10. Figure 11 compares the lateral characteristics

of the model equipped with several allerons and spoilers. The baslic aero-
dynamic characteristics of the model having ailerons of varlous spans,
spanwise locatlions, and tralling-edge thicknesses are given in figures 12
to 15, end the basic spoiler data are presented in figures 16 to 18 for
the plain~ and flapped~wing configuratlons. Figure 19 presents the effects
of e perforated partiel-span spoller on the aerodynamlc characteristics of
the model.

DISCUSSION OF RESULTS
Aileron Control Characteristics
Effect of aileron gpan and spanwise location.- As might be expected,

the results gliven iIn figure 5 show that the alleron~effectiveness
perameter Cla increased with aileron span with the greatest value of
a

Cy being obtained at the lowest angle of attack. The aileron effectivee

Ba
negs at the angle of attack corresponding to 85 percent of the msximum
1ift coefficlent, which shall be referred to throughout the discussion

lnasmuch as it is usually considered the highest landing approach 1ift
coefficient, was approximately 75 percent of the maximum velue of CZB
a

obtained for each wing configuration. For the plain wing at 0.85CI ’
the aileron effectiveness of egual-span allerons 6?.225% located at the
wing tip or inboard of the 0.775%-—span station was -0.00024 or -0.00030,

respectively. Tuft observations indicated the flow over the rear and
outboard sections of the wing t0 be unsteady with the effect belng more

pronounced near the wing tip. Increasing the aileron span to 0.&5%
(outboard end located at the wing tips) resulted in a value of Czaa of
~0.00054. This velue is more than double the value of Cyy  obtained

a

=t
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from the 0.225£u-apan alleron loceted at the wing tip. The increment of
aileron effectiveness produced by each equal-span alleron (?.225%) at the

sranmise locations investigated can be added to produce s total Czsa
for the O.h5%-span aileron at 0'85CLmax' At lower asngles of attack,
however, this procedure slightly overestimates the effectiveness of the
O.h5§-span aillerons. The aileron effectiveness (-0.00051) at O.SBCLmax
of the 0.&5% -gpan allerons located on the flapped-wing configurations
were essentially the same as the results for the plain wing.

The results given in figures 12 to 1l show the variation of rolling-
moment and yawing-moment coefflcients to be linear with total aileron
deflection for the model conflgurations tested. In general, aileron
deflection produced adverse yaw for sll wing configuratlons with the
effect becoming more adverse with Increasing 1ift coefflclent and aileron
deflection. The 1lift and pitching-moment characterisgtics were essentially
unaffected by the deflection of the aillerons and the increment of drag
coefficient (fig. 15) was small compared to the total model drag at a
1ift coefficient of spproximately 0'85CLmax'

Effect of aileron tralling-edge thlcknegs.- The results given in

- references 7 and 8 show that lmprovements In the rolling characteristics
at both high and low flight speeds of sweptback wings can be obtained
with allerons having finite trailing-edge thickness. Reference 3-indi-
cates that decreasing the sileron traliling-edge angle would also improve
the rolling characteristics of the configuration. The results of figure 6
show that in the 1ift range of approximstely 0.85CLmax there is some

Increase in Cla for the 0.25% small-span aillerons located at the wing
a

tip on the basic wing conflguration, but for thicknesses greater than
0.25t there is no appreclable effect or a slight loss in effectiveness.
With leading-edge flaps deflected, the finite trailing-edge thick ailerons
had negligible effects on the aileron effectiveness in the high-1ift range.
From low-speed consideratlons, it sppears that a thick trailing-edge
alleron would give about the same rolling effectiveness as the origlinal
contour aileron. At this 11ft coefficient (9.8501 ) tuft observatlons

indicated that the allerons are ¢perating in regions of unsteady and
stalled flow and the thick trailing-edge allerons did not noticegbly
influence the flow characterlstics ahead of the aileron hinge llne. The
drag increments for all model configurations (fig. 15) near the stall,

as a result of the thick ailerons, were small for all model configurations
and for some conditions the thick ailerons resulted in drag decrements.

The 1ift and pitchingemoment coefficients (figs. 12 and 13) were essentially
unaffected by the additlion of the finite thicknese allerons and were
generally constant with aileron deflection angle.
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Spoiler-Control Characteristics

Effect of spoller-span and spanwise locetion.- The rolling-moment
coefficient of -the model as shown in figure T incressed with spoiled
span and the angles of attack for meximum spoiler effectiveness were
approximately 6.9° for the basic wing configuration and 12° for the
flapped-wing configuration. Tuft observeations showed the flow over the
outboard sections to be disturbed and a pronounced spanwise flow of the
boundary layer occurred along the rearward portions of the wing at these
angles of attack., In general, figure T also indicates as was shown in
reference 2, that, for the angles of attack investigated, the root-fixed
spollers developed greater rolling moments than equal-span tip-fixed
spoilers. It is possible that, as a result of the lateral outflow, the
inboard-located gpoilers on sweptback wings may materially spoil the flow
over the outboard wing sections; thereby less 1lift and larger rolling
moments would result.

A method was outlined in reference 2 to estimate the rolling effec-
tiveness of partial-span spollers from the data of inboard and outboard
spoiler segmentse. This method has been applied to a partisl-span spoiler
used in the present investigation and the estimated resulis are compared

in figure 8 to the measured rolling-moment coefficlents of the O.63§-—span

plain spoiler. The results show good agreement between the estimated
and messured values of C; throughout the angle-of-attack range.

Figures 16 to 18 show that the spoilers resulted, as was expected,
in decreased lift, increased drag, and unstable pitching-moment trim
shifts at the angles of attack investigated. The unfavorable spoller
effects on the longitudinel characteristics increased with spoiler span
and were greatest for the flapped-wing configurations. The tip-fixed
spollers produced favorable yawlng characteristics throughout the angle-~
of-attack range for all spoiler spans and wing configurstions. The root-
fixed spoilers, however, resulted in adverse yaw for the smaller span
spoilers with thé greatest effects occurring at the higher angles of
attack and for the flapped-wlng configurations.

Effect of spoiler projection.- For the basgic wing configuration the
rolling moments produced by the spoilers are nearly linear for spoiler
projections up to about 0.05¢! (fig. 9). For greater projectlions up to
0.10c', the spoller effectiveness decreased and the maximum value of C;
was attained at an angle of attack of 6.9°. At 16.1°, which is spproxi-
mately the angle corresponding to 0.85C s the rolling-moment coeffi-

cient produced by the gpoller was 77 percent of the maximum velue obtained.
Although no data have been obtained for smell spoiler projections (below
0.02c’), it 1s concelvable that there may exist a region of spoiler
ineffectiveness and possible rolling moments in the opposite direction
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(adverse roll). For the flspped-wing configuration a linear variation of
the spoiler rolling moment occurs for most of the spoller-projection range
investigated. The maximum rolling-moment coefficlent occurred at an angle
of attack of 11.9°.

The yawing and longltudinal moments and forces were reduced spproxi-
mately in proportion to the reduction In spoller projection for the basic
wing with the percentage reductlion being smaller for the flapped-wing
configuration than for the plain wing (figs. 16 and 18).

Effect of spoller chordwlige locatlon and perforation.- The basic and
flepped-wing results given in flgure 10 Indicate that, at the angle of
attack corresponding to 0.85CT (16.4° for the basic wing and 15.5° for

the flapped wing), the rolling-moment coefficlents were essentilally inde-
pendent of spoller chordwlse locatlon. As indicated from tuft observa-
tions, the flow at the spoller locatlons was generslly disturbed over a
large portion of the wing, and for the basic wing configuration the flow
at the tip sections wes stalled. The yawing-moment coefficilents at
0.8501 Indicate that the 50-percent chordwise-located spoiler produced

almost twice the yawing moment that the reerward-located spoller pro-
duced. The drag coefficients of figure 19 show the drag of the forward-
located spoiler to be epproximstely 10 percent greater than that for the
-TO-percent chordwise-located spoiler.

At 0.85Ct ,chordwise location had no appreclable effect on the

rolling moments obtained. However, at the higher angles of attack,
from O.85CLmax to Cp " the rolling-moment coefficients of the forward-

located spoller were slightly greater than the rolling power of the
TO-percent chordwise-located spoller. At the low and moderate angles
of attack the trend of the rolling-moment curves was opposlte; that 1s,
the rearward-located spoller produced greater roll than the 50-percent
chordwise=located spoiler. Similar results were obtalned on several
L12° sweptback wings with NACA 647-112 alrfoil sections and are reported
in references 2 and k4.

A few exploratory tests were conducted to determine the effects of
a perforated spoller on the aerodynamic characteristics of the model with
and without flaps. In general, the data of figure 19 indicate no appre-
clable differences in the lateral or longitudinal characteristics of the
model at high 1ift coefficients with either the plain or perforated type
of spoiler. As was previously noted, at the high angles of attack the
spollers were located 1n regions of disturbed flow and their effective-
ness was limited. In the low and moderate angles of attack, however,
the perforaeted spoiler produced greater rolling moments than the plain
gpoiler vwhen located at the 0.50c station. The air flow through the
perforations mey have resulted in a greater detrimental effect on the
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section presgsure distribution than the plaln-type spoiler. The decreased
drag, due to spoller perforation, resulted in less favorable yawing moments
at the low and moderate angles of attack; however, both types of spollers
produced adverse yew at the stall. As a result of the decreased 1lift and
drag in the angle-of-attack range below the stall, the perforated spollers
caused positive longltudinal trim shifts for all configurstioms.

Comparison of Allerons and Spollers

In order to compare the laterel-control effectiveness of allerons
and spoilers, a brief comparison of the lateral~control characteristics

of the model with an aileron (b.h5% span) and two 0.10c! tip-fixed
spoilers (0.856;2 and O.ll-ll-8% spa.n) is presented. It should be noted

that there are no hinée-mdment data avallable and that a complete evalua=-
tion would require comparisons of such data. For the basic wing configura-
tion, figure 11 ghows that a total aileron deflection of 48° would be
required to produce rolling moments comperable to those produced by the

0.8563 -span spoiler between T7° and 14° angle of attack and greater

rolling moments below and above thls angle-of-sttack range. If the
alleron deflection angle was limited to 300, however, the rolling moments
of the gpoiler configuration would be much greater than the rolling
moments of the alleron throughout the angle-of-attack range. The rolling
moments produced by the ailerons may also be decreased as a result of the
adverse yaw (fig. 11(b)) which occurred for all aileron-control deflection

angles.

For the conflguration with extensible leading-edge flaps, comblned

with plain tresiling-edge flaps, the rolling moments of a 0.8565-span

spuller was greater than the rolling effectlveness of the half-gpan
aileron at the largest deflection angle (56°) investigated. A smaller

gpan spoiler (b.hhS%) was, therefore, considered and 1t can be seen that

32° of ‘alleron deflection would produce rolling moments similar to that
of the partlal-span spoiler throughout the angle-of-attack range. Com-
parison based on an angle of attack corresponding to 0.85C s however,
indicates that the spoller rolling moment 1s approximatelyLﬁ%%percent
lower than that for the aileron deflected 56°. The difference in rolling
moment between the aileron and the spoiler may be reduced, inasmuch as
the adverse yaw produced by the allerons would effectively decrease the
alleron rolling capabllities.
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CONCLUDING REMARKS

The results of the Langley full-scale-tunnel investigation of a
47.59 sweptback-wing - fuselage combination with several lateral-control
devices are summarized as follows:

1. The aileron effectiveness of small-span allerons located inboard
of the T7.5-percent-span station was greater than the alleron effective-
ness of equal-span allerons located &t the wlng tlps. For large-span
ailerons, the aileron effectiveness at 85 percent of the maximum 1ift was
equivalent to the sum' of the effectiveness of the component aileron spans.

2. The aileron effectiveness of the model with the thick trailing-
edge and orlginal contour allerons was essentially the seme in the high
engle-of-attack raenge. The drag increments near the stall due to the
thick allerons were small,

3. In general, for the angles of attack investigated, spoilers
located in the reglon of the plane of symmetry developed greater rolling
moments than equal-apan spollers located at the wing tip. The addition
of the spoilers resulted in positive longitudinel trim shifts at the
angles of attack investigseted.

4, Increasing spoiler projection increased the rolling moments
through most of the spoiler-projection range investlgated.

5. The rolling moments produced by & partial-spen spoiler located
at the midspan were essentlally independent of spoller chordwise location
at the angle of attack corresponding to 85 percent of the maximum 1ift.
A perforated spoller did not change the lateral or lomgitudinal charac-
teristics of the model at the high angles of attack.

6. The comparison between aileron and spoilers shows that large
deflection angles of a half-gpan asilleron would produce-rolling moments
equivalent to a moderate-span spoller located in the region of the plane
of symmetry.
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7. The yawing characteristics for all ailleron configurationa were
unfavorable; whereas, only the smallespan spolilers located at the wing
root sectiong resulted in adverse yaw, especially at high engles of attack.

Lengley Aeronsutical Laboratory
National Advisory Committee for Aercnautics
Langley Alr Force Base, Va.
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Figure 1.- Three-view drawing of a 47.5° sweptback-wing - fuselage

combination.,
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Figure 2,~ Three-guarter front view of the 47.5° sweptback-wing model
mounted in the Langley full-scale tummel.
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Enlarged view of section AA

Enlarged view of section BB.

(a) Extensible leading-edge and plain tyailing-edge Flaps.

Figure 3.~ The location and detell dimensions of high-1ift and lateral-
control devicea,
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Enlarged view of section AA,

(b) Allerons and spoilers.

Figure 3.- Concluded.
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Figure 5.~ Effect of aileron spen on the alleron-effectiveness parameter
for the 47.5° sweptback-wing - fuselage combination with and without

flaps. t = 0; R = 4.k x 106.
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Figure 6.- Effect of alleron trailing-edge thickness and span on the
aileron-effectiveness parameter for the 47.5° sweptback-wing -

fuselsge cambination with and without flaps. R = 4.4 x 106.
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Figure T.~ Effect of spoller span on the rolling-moment coefficient for

the 47.5° sweptback-wing - fuselage combinstion. 8g = 0.10c';
R = b4 x 105,
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Figure 8.- Comparison of estimated and measured rolling-moment coefficients
for a partisl-span spoiler. bg = 0.63%; Ye, = 0.863%; &g = 0.10c’;

R = 4.k x 106.



Bagic wing Extensjhle leading-edge end plaig tralling-edge flaps

0Ol 0Ol
O TS, oﬁ&‘\
\\‘g INEY
S S NVEE
\\\ \
-0l P, - \:‘ \ ‘
B NN \.i
= R \\ . \v\\\\\ ! .
01. -02 K\:\::-“\~ ] G-L -02 '&:;\ \\"‘T
B S N ' QET]\\\\\
| ~ ‘::-. ! . N
-03 - = -03 : \\%
(deg} ) (dag) N ™~ . \\\rL
—@-0.5 -71.1 Q\\“ ~ \{
-04 u—— -04 % by NN f
——A125 ——dAas 3.
—--—[\18.1 —-—A16.7 o
X
-05 -05 .
0 02 D4 06 08 10 0 02 04 06 08 0

3, fraction ¢ t AT 8 fraction ¢

Figure 9.~ Bffect of spoiler height on the rolling-moment coefficient for
the 47,59 sweptback-wing - fuselage combination with and without flaps.
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Figure 10.- Effect of spoiler chord locatlion on the lateral characteristics
of the 47.5° sweptback-wing - fuselage combination with plain partial-

span spoilers. bg = 0.632-; Vs, = 0.8631-2)-; 8g = 0.10c'; R = 4.b x 108.
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(a) Rolling-moment coefficlents.

Figure 1ll.-~ Comparison of the lateral control characteristics produced by
various aileron deflections and spoiler spans. Bg = 0.10c'; by = O.hSE?

= 1.008 t =0; R = &.k x 106.
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Figure 16.- Effect of spoller span and height on the aerodynemlc character-

istics of the 47.5° sweptback-wing - fuselage combipation. R = b.4 x 105.
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Figure 17.~ Effect of spoiler span on the aerodynemic cheracteristics of

the ¥7.5° gweptback-wing - fuselage combination with extensible lesding-

edge flapse. bfLE = 0.35%; OE = 1500; 8g =0.10¢'; R = 4.4 x 106.
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Figure 19.- Effect of spoiler chord location on the serodynemic character-

igtics of the 47.5° sweptback-wing - fuselage combination with plain

and perforated spoilers. by = 0.63%; Yﬂo = 0.863%; 8g = 0.10¢';

R =u.l+x106.
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(b) Extensible leading-edge and plain trailing-edge flaps. bfLE = 0.35%;

By = 135%; Do 0.88%.

Flgure 19.~ Concluded.
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